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ABSTRACT 
 
Besides its role during fermentation process, yeast also has potential as biological 
agent because of its antagonistics characteristic. We have isolated yeast from six different 
locations based on Phospourus differences. Isolated yeast were then tested its antagonistics 
ability of Fusarium oxysporum, the pathogen causing tomato wilt disease. This research aims 
to find out the diversity of yeast found in the tomato rhizosphere in six different contents of 
phosphorus locations and to know its antagonistics ability against the pathogenic. F. 
oxysporum. This research was conducted in the Laboratory of Mycology, Department of 
Pests and Diseases, Faculty of Agriculture, Brawijaya University, Malang and in the 
Chemistry Laboratory, Institut Teknologi 10 Nopember Surabaya, started from January up to 
September 2015. Yeasts have been isolated from tomato’s rhizosphere of 6 different 
locations around East Java proviences. The result showed that yeasts from organic field 
(Lower P content) were 6 genera. They are Candida sp. 1, Pichia sp. 1, Hansenula sp., 
Metschnikowia sp. 1, Cryptococcus sp., and Zygosaccharomyces sp. While the yeasts from 
inorganic field (higher P) were 3 genera. The most potential yeast in controlling F. 
oxysporum is Pichia sp. 2. Lower P content showed more divers than higher P content. 
Yeasts from higher soil P content showed more antagonists to control F. oxysporum. 
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1. INTRODUCTION 
 
Naturally, soil has microorganism that suppresses the pathogens growth in the soil. 
Some of those antagonistics microorganisms are living as a saprophyte and used as a 
biological agent (Simatupang, 2008). One of soil microorganisms that have antimicrobial 
properties which can inhibit the bacteria and fungi growth is yeast. Yeast can stand and 
compete with other microorganisms due to its characteristics in the environmental stress 
resistance (sugar, salt, and excessive salt).  
The existence of yeast microorganisms in the soil have limited species when it 
compared to the bacteria and fungi. However, yeast plays an important role in stimulating 
the decomposition and mineralization of organic compounds in the soil. Moreover yeast also 
comes up with a significant role in the hydrolysis of cellulose in the soil (Kanti, 2007). 
Based on some facts above, it is necessary to conduct a study on the diversity of 
yeast in the plants root area as well as its antagonistic ability against pathogenic fungi. Yeast 
can be used as a biological control agent so it can reduce the use of fungicides in controlling 
the disease.. 
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2. METHOD 
Place and Time 
The research was conducted by taking samples of soil on agricultural land of organic 
tomatoes from 6 different locations: (1) Penanggungan village-Trawas, residence of 
Pasuruan, (2) Ngijo village-Karangploso, residence of Malang, (3) Ngadas village-
Poncokusumo, residence of Malang, (4) Bangsri village-Plandaan, residence of Jombang (5) 
Tlekung village, Junrejo, residence of Batu and (6) Tambak Beras village, Tambakrejo, 
residence of Jombang.  
Isolation and identification were took place in the Mycology Laboratory Department 
of Plant Pests and Diseases, Faculty of Agriculture, Brawijaya University. The research was 
conducted from March to September 2015. 
Materials  
  The tools used in this research were small shovel (trowel), basins, plastic trays, ice 
box, stove, pans, knives, cutter, scissors, rulers, Petri dishes, bottles media, measuring cups, 
glass beaker, Erlenmeyer flask, microscope slide, cover glass, a pipette, micropipette, loop 
needle, cork borer, L stick , scales, test tubes, test tube rack, tweezers, spatula, Bunsen, 
lighters, microscopes, handsprayer, autoclave, rotary shaker, Laminar Air Flow Cabinet ( 
LAFC), and a camera. 
The materials used in this research were PDA (Potato Dextrose Agar), YMA media 
(Yeast Malt Agar), YMB media (Yeast Malt Broth), lastic 70%, 2% of NaOCl (sodium 
hypochlorite) distilled sterile, spiritus, water, ice cubes, antibiotics (cloramphenicol), paper 
labels, plastic bags, cotton, aluminum foil, plastic wrapping, tissue, soil samples and 
fusarium wilt symptomatic tomato plants. 
 
1. Isolation of F. Oxysporum Innoculum from Soil  
Pathogenic F. oxysporum was isolated from tomato stems which showing symptoms 
of fusarium wilt from the field. Stem was washed by using sterile water, and then it was cut 
to the size of 1 cm with a half healthy and a half diseased part of stem, then soaked into 2% 
of NaOCl (sodium hypochlorite), 70% of alcohol, given sterlized aquadest 2 times, 1 minute 
for each and dried, then planted on PDA aseptically. 
Incubation was conducted until the pathogen colonies grown on the medium. Next 
purification isolates performed by taking a culture and were bred again in a new PDA to 
obtain pure cultures. Purified isolation was identified macroscopically by observing the 
fungal colonies on a petri dish, colony color, colony texture, distribution patterns, and the 
presence or absence of concentric circles. Before making observation microscopically, it was 
necessary to make some preparations for pathogens. Mushrooms were taken using a needle 
loop then were placed on the surface of microscope slide. Then it was sealed using a cover 
glass and incubated in a moist sterile container for further microscopically observed based on 
the morphology of hyphae, conidia, conidia measurement, as well as other specific 
characteristics. Morphological observation conducted by the help of a microscope with a 
magnification of 400x (40x10) which was then compared with the book of Fungi 
Identification Keys. 
 
2. Soil Sampling of Yeast  
Soil samples were collected from around the root of plants (10-20 cm depth) in six 
different locations. Each land was taken five samples points. At every land, it took 3 
repetitions and then composited in the basin. Then the soil sample was put in a plastic bag 
and labeled in accordance point taken. After that, it was put into the ice box containing ice 
cubes. 
           There were six locations: 1) Penanggungan village-Trawas, residence of Pasuruan, (2) 
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Ngijo village-Karangploso, residence of Malang, (3) Ngadas village-Poncokusumo, 
residence of Malang, (4) Bangsri village-Plandaan, residence of Jombang (5) Tlekung 
village, Junrejo, residence of Batu and (6) Tambak Beras village, Tambakrejo, residence of 
Jombang.  Soil samples were then taken to the laboratory for microbiological analysis, 
including: the stage of isolation, purification, identification of morphologically colony and 
leavened cell (Tuntiwongwanich and Leenanon, 2009). 
3. Yeast Isolation and Population Count 
Soil samples which obtained weighed 10 grams and were put in Erlenmeyer flask 
containing 90 ml of sterile physiological water. Next, it was homogenized and deposited for 
approximately 5 minutes. A total of 10 ml of of supernatant put in Erlenmeyer flask 
containing 40 ml of of propagation is YMB media. Then it was incubated on a rotary shaker 
at ambient temperatures for 4 days. Storied dilution done by 1 ml of suspension from the 
erlenmeyer flask containing the isolates from YMB media, then it was put into a test tube 
containing sterlized aquadest as much as 9 ml and obtained serial dilution up to 10-5.10
-5
. 
From each series of dilutions obtained, 0.1 ml of the suspension was taken and planted in 
YMA media on plates using the spreading method (spread plate). Then it was incubated for 
± 3 days and counted the number of colonies. Method counting of the colonies in plate is as 
follows: 
1. The selected and counted plates were those that contained the number of colonies 
between 30 and 300. A plate with high number of colonies (> 300 of the colonies) is 
difficult to calculate so that the possibility of miscalculation is high. The dilution helped 
to obtain an exact calculation, but a too high dilution will produce a plate a low number 
of colonies (<30 of the colonies)  
2. Some colonies which merged into one were a set of large colonies that can be counted as 
one colony. 
3. A row (chain) colonies which seen as a bold line was counted as one colony. 
4. Purification and Identification 
Purification to obtain a pure isolation was done by selecting colonies that grown 
dominantly and has the different characteristics of colony morphology from the rests. Then it 
was inoculated on solid media using the new YMA streak plate method. Furthermore, from 
the results of streak, the cell lines were observed microscopically. If it has been obtained a 
uniform cell lines so we could obtain a pure isolation. Yeast isolation was identified up to the 
genus level by referring to the identification guide book "The yeasts a Taxonomic Study" 
(Kurtzman and Fell, 1998). One of the morphological characters that can be used for yeasts 
identification is the appearance of macroscopic colony. The appearance of microscopic 
which often observed are colony texture, colony color, shape edges / margins colony, 
elevation, and the surface of colonies on a solid medium. In addition to the appearance of 
macroscopic, microscopic appearance can also be used for yeasts identification. Before 
observing microscopically, there should be a making of yeast preparation (blood smear). 
 Microscopic observation was conducted by dripping yeasts and aquadest on the 
microscope slide and then be sealed using a cover glass to be observed using a microscope. 
The appearance of microscopic which observed were cell lines, cell range, type of 
germination, the existence of false or true mycelium. 
Variables 
 
Variety Index (H’)  
Variety index was used to calculate the types of yeast species diversity in organic 
farming land and non-organic. Variety index according to Brower and Zar (1977) showed in 
Table 1. Variety index was calculated by the following formula (Ludwig and Reynolds, 
1988): 
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H`: Shannon diversity index 
S:  Number of species 
ni: Number of types to i in the total sample 
N: Number of individuals of all species 
 
Table 1. Criteria of Variety Index 
 
Variety 
Index (H’) 
Criteria 
H’<1,0 Low diversity; the spread of the individual number of each type is low 
1,0<H’≤3,0 Moderate Diversity; the spread of individual number of each type is 
medium 
H’>3,0 High diversity; the spread of individual number of each type is high 
Dominance Index (C)  
 
Simpson dominance index (Krebs, 1999) was used to determine the predominance of 
a type of yeast in a community. Dominance index criteria according to Simpson (1949) in 
Odum (1993) can be seen in Table 2. Dominance Index was calculated using the formula of 
Simpson Dominance Index: 
 
 
C : Dominance Index Simpson 
ni : Number of an individual species-i 
N : Number of individuals of all species 
 
Table 2. Dominance Index Criteria 
Dominance 
Table (C) 
Criteria 
0< C ≤0,5 There is no dominant species 
0,5> C ≥1 There are species that dominate 
 
Variety Index (E)  
From the the value of diversity index (H '), it can be done estimated the uniformity 
index. The greater of the uniformity index value (E) showed an almost uniform and evenly 
among species (Odum, 1993). The uniformity of criteria presented in Table 3. The formula 
of uniformity index Odum (1993) was: 
 
 
 
 
 
E   : The uniformity of index 
H’ : The variety index  
S   : The number of the genus or species 
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Table 3. Criteria of Index Variety 
Index Value (E) Criteria 
0,00<E≤0,50 Low Variety 
0,50<E≤0,75 Medium Variety 
0,75<E≤1,00 High Variety 
5. Antagonistics Test of Yeast against F. Oxysporum  
Method of yeast antagonistics testing in vitro refers to (Sugipriatini, 2009). Yeast 
testing isolation obtained by scraping yeasts on PDA right in the middle of 9 cm diameter 
petri dishes in an upright position as much as an inoculation loop. 
Then the breed of F. oxysporum taken with cork borer and placed on the right side 
and left yeasts’ scratches by the distance of ± 3 cm. and then it was incubated in ambient 
temperatures and be observed by measuring the width of yeast inhibition zone against F. 
oxysporum in a daily basis.  
 As the control, only the F. oxysporum fungus grown without yeast antagonistics. 
The relative percentage of resistance level towards pathogen was calculated by 
Hadiwiyono’s formula (1999): 
    
     
  
X 100 % 
THR  : The relative percentage of resistance level towards pathogen’s growth 
Dk     : ∑ The growth diameter of pathogen colony without treatment  
Dp     : ∑ The growth diameter of pathogen colony by giving yeast (r1 + r2) 
 
 
6. Data Analysis 
The data obtained from the test of antagonistics yeast with F. oxysporum were 
analyzed using variance analysis (ANOVA) followed by Duncan test at 5% level when there 
was a significant difference. 
3. RESULT AND DISCUSSION 
Soil Phospor Content  
The result of chemical analysis on three (3) different locations that represent an 
inorganic farm had higher P content than three (3) others locations that represent organic 
farms. Sample from Tlekung (inorganic agricultural) has the highest P content (21.3), while 
the content of P from Ngijo was the lowest (6.4). This was due to organic compounds from 
the used organic fertilizers and it has the role to assist dissolution or release of P-bound Fe, 
Al, and Ca soil so that it became available and absorbed by plants. 
Kertonegoro et al. (1984) in his research found the same thing which was the P 
absorption relatively decreased by excalation of the drought. This was presumably due to a 
far spacing of P ions to reach the roots by diffusion. Phosphorus was one of the micro-
nutrients essential for plant growth. Although plants require less P than N, but P was needed 
to produce energy and the speed of plant growth (Chien et al., 1960). 
 
Table 4. P Soil Content 
Locations 
Soil P content 
(%) 
Penanggungan village-Trawas, residence of Pasuruan 7.3 
Ngijo village-Karangploso, residence of Malang 6.4 
Ngadas village-Poncokusumo, residence of Malang 8.2 
Bangsri village-Plandaan, residence of Jombang 17.4 
Tlekung village, Junrejo, residence of Batu and 21.3 
Tambak Beras village, Tambakrejo, residence of Jombang 19.6 
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The use of inorganic fertilizers in P nutrient in the release of compounds into the soil 
would be slower than organic fertilizers. It was because the elements of P must first unravel 
from Micro's compound to become available for plants. Thus, P by Ca ions and clay minerals 
become fewer so that the availability of P for plants was increasing (Houisenbuiller, 1981). 
P absorption was influenced by the P input in the soil. It showed that by the increase 
of the dose of inorganic fertilizer, the availability of nutrients, plant growth and its 
absorption also would be greater. 
Plants, in overall, absorb P life cycle growth, but the unripe plants absorb P more 
quickly if conditions were possible. Phosphorus was highly mobile in plants tissue, many of 
P translocated from vegetative parts into seeds and fruits. 
Plants, in their growths, mainly need to the P in the process of cell division, stem strength, 
and the development of meristematic tissue. 
 
Yeast Data Analysis 
Differences in yeast tomato rhizosphere diversity on organic and inorganic farms 
were gained by using the diversity formula, uniformity and domination. Isolation and 
determination results obtained by calculating index diversity data (H ') Shannon, dominance 
(D) and uniformity (E).  
Based on Table 6, the number of yeast colonies in organic farms was higher than the 
number of yeast colonies in inorganic farms. It indicated that the yeast lived in a high 
organic content environment. Kanti (2006) also mentioned that the yeast has a sufficient 
ecological range, capable of living in extreme areas and found in a high organic 
environment. 
Based on the results of isolation and determination of yeast in the tomato 
rhizosphere on organic agricultural land and inorganic yeast, we obtained the diversity. 
Yeast isolation from organic farms found 148 colonies and from organic farms determined 6 
genuses. Yeast isolation result from inorganic farms found 126 colonies. Yeasts from 
inorganic farms determined 3 genuses. 
 
Table 6. Diversity Index, Dominance Index and Uniformity Index 
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Yeast diversity of organic and inorganic agricultural land calculated using diversity 
index (H '). The result of yeast diversity index calculation can be seen in Table 6. Yeast 
diversity in tomato rhizosphere were found on organic farms was (4.997), so it was higher 
than the inorganic agricultural land (4.836). 
Based on the criteria of diversity index value, both land categorized as > 3 (high 
diversity) with a high number of deployment of on each individual in nature. This was in line 
with Brower and Zar (1977) which stated that the value of <1 means low diversity criteria, 1-
3 grades 1-3 diversity criteria was moderate, and> 3 means diversity criteria was high. 
 
 
 
Figure 1. Comparison of Diversity Index 
 
To find out the yeast dominance in rhizosphere of tomato on organic agricultural 
land and inorganic, it was required the calculation method by using Dominance Index (C). 
The result of the yeast dominance of index calculation on organic land organic and inorganic 
can be seen in Table 6. 
Based on the calculations, it showed that the level of organic farms dominance was 
lower than the level of dominance of inorganic farms. Domination value in organic farms 
was 0.272, while the value of inorganic agricultural land dominance was 0.343 which meant 
no Yeast that dominated the other or uneven distribution of population was even. This was in 
line with the statement of Ariyono et al. (2014), the dominance of index value was ranging 
from 0-1, so, the smaller of index value, the dominance of the population was also would be 
smaller which meant; deployment of the individual numbers of each species was equal and 
there was no tendency of dominance from one to another species. 
In this research, the dominance of index value on inorganic agricultural land was 
greater than the index value of organic farms. This fact was supported by the statement of  
Oka (1995); a species or population can not be dominant in a high diversity environment, 
while in the low diversity communities, a population or species might dominates from one to 
another. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Comparison of Dominance Index 
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To find out the yeast uniformity in rhizosphere of tomato on organic agricultural 
land and inorganic, it was necessary to use a calculation method of Uniformity Index (E). 
The results of yeast uniformity index calculation in organic agricultural land and inorganic 
can be seen in Table 6. Based on calculations, it showed that the level of uniformity of 
inorganic agricultural land was higher than the level of uniformity in organic farms. The 
value of uniformity of organic farms was 2,789, while the value of inorganic agricultural 
land uniformity was 4,402. It meant that the value of yeast uniformity was very high and in a 
stable community. According to Odum (1993), the uniformity index showed dozens of 
uniformly microorganisms and evenly among genera, the higher value of uniformity, it 
indicated a stable community. 
 
 
 
 
 
Figure 3. Histogram of Uniformity Index 
Yeast Antagonistics Test against the Pathogen F. oxysporum 
 
Antagonistics test was carried out on 9 yeasts isolation with pathogen F. oxysporum 
isolation on PDA. The observations of yeast inhibition on pathogen F. oxysporum conducted from 
1 HSP to 9 HSP. The mean percentage of yeast inhibition to the growth of pathogen F. oxysporum 
was presented in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The percentage of yeast inhibition against F. oxysporum during 9 days of 
observation 
Figure 4 showed that 9 tested yeasts isolations capable of delivering the inhibition of 
of the isolated pathogen F. oxysporum growth from rhizosphere tomato. The inhibition 
percentage of the highest in several days of observation indicated in the treatment using 
Pichia sp. from non-organic tomato rhizosphere. While the treatment that showed a low 
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percentage of least inhibition was the treatment control that showed no obstacles at all during 
the observation. Yeast treatment that showed a low percentage of least inhibition was the 
Candida sp. treatment of organic rhizosphere tomato. The percentage of yeast inhibition to 
the growth of a high pathogenic F. oxysporum was produced at 9 HSP. The mean percentage 
of yeast inhibition toward pathogen F. oxysporum on 9 HSP was presented in Table 7. 
 
Table 7. The Percentage of Yeast Inhibition on pathogen F. oxysporum  
 
Yeast Treatment 
Percentage of 
Inhibition 
(%) 
Control 0,00 a 
Candida sp. 1 32,77 b 
Pichia sp. 1 51,11 bcd 
Hansenula sp. 55,00 cd 
Metschnikowia sp. 1 37,22 bc 
Cryptococcus sp. 49,44 bcd 
Zygosaccharomyces sp. 62,21 de 
Pichia sp. 2 74,44 e 
Metschnikowia sp. 2 66,66 de 
Candida sp. 2 51,10 bcd 
 
Numbers along with the same letter in the same column showed no significant differences 
among treatments  
 
Analysis result by using Duncan test at the level of error was 0.05 (Table 7), it 
showed the different effect among the treatments in preventing the growth of pathogenic F. 
oxysporum on 9 HSP. In the pathogenic F. oxysporum control treatment without yeast, it 
produced no obstacles at all. So, the barrier percentage was 0%. While in treatment using 
Candida sp. from rhizosphere tomato organic farms, it has an ability to produce 32.77% of 
inhibition. In the treatment using Pichia sp. of of organic rhizosphere tomato, it resulted 
51.11% of inhibition. In the treatment using Hansenula sp., the amount of inhibition 
produced was 55%. Then the result of inhibition in the Metschnikowia sp. treatment from 
rhizosphere tomato organic farms was 37.22%. The treatment using Cryptococcus sp. was 
able to produce 49.44% of inhibition. Furthermore, the treatment using Zygosaccharomyces 
sp., the number of the inhibition produced was 62.21%.  
The treatment using Pichia sp. from tomato rhizosphere of inorganic farms has the 
result of inhibition by 74.44%. The treatment of Metschnikowia sp. from tomato rhizosphere 
inorganic farms was able to produce 66.66% of inhibition. While on treatment using Candida 
sp. 2 from rhizosphere tomato inorganic farms, inhibition produced was 51.10%. 
Based on these test results, it was known that the biggest obstacle was in the 
treatment using Pichia sp. 2 from the inorganic tomato rhizosphere farm and able to produce 
74.44% of inhibition. The antagonistics test results showed that between 9 of yeasts 
isolations have antagonistics interaction with the pathogen F. oxysporum.  Antagonistics 
mechanisms that produced by the yeast were antibiosis and competition.  
Antibiosis Mechanisms was indicated by the clear zone around the yeast that was not 
overgrown by pathogenic F. oxysporum colony. Hagagg and Mohamed (2007) reported that 
antibiosis mechanism by yeast involved the use of secondary metabolites such as pelisis 
enzymes, volatile compounds, siderophores or other toxic substances that could cause 
fungistatik, cell lysis, or necrotic, so the growth of the pathogenic fungi was resisted. While 
the mechanism of competition was shown by the slow growth of the pathogenic fungi 
colonies when it was grown together with yeast on the same medium. This was supported by 
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the statement of Janisiewicz and Korsen (2002) that the mechanism of competition space and 
nutrients occured when yeast was trying to obtain a limited space and nutrients when grown 
along with fungal pathogens.  
Antagonistics testing by in-vitro on pathogenic F. oxysporum; yeast that showed a 
good potential to inhibit the growth of pathogenic fungi was Pichia sp. 2 that isolated from 
tomato rhizosphere in the inorganic farms. Yeast Pichia genus has the capability to become 
antagonisticst on the mold. Jijakli and Lepoivre (1998) reported the yeast of Pichia anomala 
strain K could inhibit the growth of mold B. cinerea through antibiosis mechanism. That 
yeast secretes enzymes ß-1,3-glucanase which caused cell molds degraded. And it caused 
mold spores germination inhibited. Following were results of documentation of 
Antagonistics yeast test against a pathogen F. oxysporum on 9 HSP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. The antagonistics yeast test results on the F. oxysporum on 9 HSP. A: F. 
oxysporum pathogen control, B: Candida sp. treatment. 1, C: Pichia genus sp. 
treatment. 1, D: Hansenula sp., E treatment: Metschnikowia sp. treatment 1, F: 
Cryptococcus sp. treatment, G: Zygosaccharomyces sp. treatment, H: Pichia genus 
sp treatment. 2, I: Metschnikowia sp. treatment 2, A: Candida sp. 2 treatment.  
 
 
5. CONCLUSSIONS 
Based on this research, it could be concluded that: 
1. Yeasts from organic field (lower) were 6 genera. They are Candida sp. 1, Pichia sp. 
1, Hansenula sp., Metschnikowia sp. 1, Cryptococcus sp., and Zygosaccharomyces 
sp. While the yeasts from inorganic field (higher P) were 3 genera. They were Pichia 
sp. 2, Metschnikowia sp., and Candida sp. 
2. The percentage of the yeast inhibition on the F. oxysporum by Candida sp. 1 is: 
32.77%, Pichia sp.1: 51.11%, Hansenula sp.: 55%, Metschnikowia sp. 1. : 37.22%, 
Cryptococcus sp.:  49.44%, Zygosaccharomyces sp.:  62.21%, Pichia sp. 2: 74.44%, 
Metschnikowia sp. 2: 66.66%, and Candida sp. 2: 51.1%. The most potential yeast in 
controlling F. oxysporum was Pichia sp. 2. 
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3. Lower P content showed more divers than higher P content. 
4. Yeast from higher soil P content showed more antagonists to control F. oxysporum. 
 
SUGGESTIONS 
 
The researcher suggested for the next researchers to do a further investigation on: 
1. Identifying yeast molecularly up to the species level to support identification result 
based on macroscopic and microscopic 
2. Doing an antagonisticss yeast test on pathogen F. Oxysporum in field.  
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